Aeration is an important parameter in water filtration system as it allows the transfer of oxygen to water through turbulence effect which subsequently increases air entrainment in the water. For water treatment application, aeration efficiency is measured to ensure continuous re-oxygenation of the unfiltered water. Aside from aeration, this paper also studies the flow patterns through the use of particle image velocimetry (PIV) setup. Through the use of real scale down physical model laboratory study is performed using PIV to obtain the velocity profile. These velocity profiles will then be used to calculate the aeration efficiency of the water in a cascade aerator system. Based on the findings, the aeration efficiency obtained from the PIV experiment has a maximum value at the lowest point of the cascade aerator system with a value of 0.0139 due to increase in mass flow rate as it moves through the steps with velocity of 0.418 m/s. Therefore, in the design of a cascade aerator system, it is advisable to increase the number of steps since it will increase the aeration efficiency of the system.
INTRODUCTION
Cascade aerator is often linked with the stepped spillway system due to its similar configurations and purposes. As an application of the stepped spillway which high potential air-water gas exchangers [1] , cascade aerator is used for in-stream re-aeration and it is widely used in water treatment plants to enhance the air-water transfer of atmospheric gasses and the removal of iron and manganese which can cause unpleasant taste and odors. In a nutshell, the basic idea of a cascade aerator is to generate aeration which is extremely helpful in facilitating the transfer of gas into or out of the water. The typical design of a cascade aerator is shown as in Figure 1 below. Various studies have been concerted to improve the performance of cascade aerator system. In a study by Amador et al, PIV method is used to compute the fluctuation in velocity that is expressed in terms of root-mean square (rms) of the instantaneous velocities. The group found that the maximum values are found to be near to the pseudobottom [2] . In another study, velocity fields were measured by Large Scale Particle Image Velocimetry (LSPIV) and the results showed that relative flow velocity is slightly higher for greater spillway size [3] . Air water flow properties comprise of the comparison in interfacial velocity, bubble count rate and turbulence intensity between the two spillways with different slopes. The comparative analysis proposed that smaller residual energy (better energy dissipation) happens at pooled stepped spillway with slope of 8.9 [4] . Another study also prove that the capabilities of PIV indicates velocity fields and profiles were highly organized although velocity of rotating impeller was high [5] . In addition, the velocity distributions inside and outside of droplet were measured and result showed that a pair of symmetrical vortices existed during droplet formation process in their experimental work [6] . In this work the aerator efficiency was obtained based on the step height of cascade aerator.
METHODOLOGY

Modelling of Cascade Aerator
A river bank model was drawn with the aid of powerful and easy-to-use Solidworks 3D CAD software. The individual parts of the river bank with exact dimensions were formed by considering the complexity of the geometry. The river bank model is then created via Solidworks and fabricated as shown in Figure 2 below. 
Experiment Setup
The measurement of water velocity could be done using PIV illumination system which is an optical method to determine the instantaneous vector measurements in cross section flow. Velocity vector of the fluid is calculated and determined from the movement of the tracer particle between two light pulses:
where x is the displacement of a marker, located at x at time t, over a short time interval t separating observations of the marker images. Therefor the changes of velocities can be compute with frame by frame. The video will extract as picture frame by frame and then transfer to PIVlab 
RESULTS AND DISCUSSION
The visual investigations of the flow patterns included the observations of the water flow patterns for all river bank configurations for one specific discharge rate. The configuration exhibits a nappe flow regime as depicted in Figure 6 with typical flow patterns of free-falling jets from one step to the next step. Snapshots of the simulated flow patterns are shown in Figure 7 which illustrates the velocity vector profile. The points of interest and the corresponding velocities can be obtained from PIV image once image calibration is completed. Figure 9 summarizes the data obtained from experimental. Figure 9 : Plotted Graph from data collected According to figure 9, the aeration efficiency of 0.0139 and a velocity value of 0.418 m/s was computed at point S which is highest compared to point R with aeration efficiency of 0.0125 and a velocity value of 0.333 m/s. The results show that the aeration efficiency increases as the velocity increases. These results occur because the velocity increase as the step size increases due to the potential energy from the top of cascade aerator changes into kinetic energy when it goes to the lowest step size. The lowest efficiency occurs at point P with aeration efficiency of 0.0109 and a velocity of 0.202 m/s at the top of cascade aerator. This lowest efficiency can be improved by increasing the barrier height to generate higher turbulence flow and swirl effect. Besides that, by increase the size of step also can affect the aerator efficiency due to the velocity increase.
CONCLUSION
Physical study was performed on a river bank configuration comprising barrier height of 10mm. The focus of the study was on the flow patterns, velocity and aeration efficiency performance. The stepped configuration showed identical flow pattern with nappe flow regime developed, which can be viewed as the discharge of water in a succession of free falling nappes from one step pool to the following. The results also highlighted an increasing of velocity pattern from point P  Q  R  S with a value of 0.202 m/s, 0.27 m/s, 0.333 m/s, 0.418 m/s. In terms of the energy dissipation and the aeration efficiency, similar increasing pattern is recorded for points P, Q, R and S with values of 0.6121 W/m, 1.0935 W/m, 1.6633 W/m and 2.6209 W/m while for the aeration efficiency with values of 0.0109, 0.0116, 0.0125 and 0.0139 respectively. This increasing pattern for velocity, aeration efficiency and energy dissipation indicated the importance of having cascade aerator design that with more height or increased in barrier height since it will promote air circulation thereby increasing the formation of manganese and iron oxides. As a result, cleaner water will be obtained towards the end of the cascade aerator system.
